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Introduction -

Designated as an estuary of national significance |
Congress in 1987, Long Island Sound is home to «
diverse network of flora and fauna and over 4
million peoplelt is an estuary of recreational,
commercial, and socioeconomic value. The Soung
bordered by the states of Connecticut and New Y
and has a watershed area extending through Mai
and Quebec that encompasses over 16,000 squa
miles and 9 milon people. Over time, the Souhds
been subject to the effects of increased nutrient loading as a result of urbanization and changes in
land usgLatimeretal., 2014). Seasonal weather patterns, particularly during the summer

months, exacerbate thdefts of nutrient loading, causing hypoxic conditions in the Sound,

most prominently in th&/esternBasin. This, in turn, negatively impacts the water quality of this
estuary, the ecosystem services and resources it provides, and the habitat thatostsonay

species. In respongethe critical need to document summer hypoxic conditions in Long Island
Sound and its embayments as defined in the Lo
Conservation and Management Plan, the Connecticut Departmentrgl/&nel Environmental

Protection (CT DEEP) and the Interstate Environmental Commission, f&@) monitored

dissolved oxygen, as well as key water quality parameters relevant to hypoxia, in Long Island

Sound sinc&991.

This report presents a summarymmsitudata collected by CT DEEP and IEC during the

2016 hypoxia season. The hypoxia season is defined asSéptemberData from the Long

Island Sound Integrated Coastal Observing System (LISICOS) are presented with permission
for informational purposessampling and analyses were conducted under&fpfoved

Quality Assurance Project Plans.

The CT DEEP and IECong Island Sound (LISVater Quality Monitoring Programs are
synoptic in nature and are intended to characterize water quality conditionsnadmeat in
time over a broad area (the entire SouBdth programs support long term monitoring
databases designed to detect changes in hypoxia due to changing co(algiomsinagement
actions, climate change, productivity). Both programs also praldatie€.g.nutrient BOD,
TSS,chlorophyll g not currentlyavailable from fixed station buoy applicatiohs.addition,
CTDEEP provides limited biological data (plankton communities).

The LISICOS water quality sensors are attached to fixed locatiormravide a holistic view of

the conditions over a more detailed span of tines lata measured every 15 minutes from one
station as opposed to every two weeks). The LISICOS continuously recording buoys have shown
instances where vertical mixing withinetvater column raises the DO concentrations above the
hypoxic thresholaf 3.0 milligrams per liter (mg/Lor extended periods of time.g, days).

These episodic conditions are not captured by CT DEEP or IEC surveys

As such CT DEEP and IEC data prale a snapshot of hypoxic conditions at one time while the
LISICOS data provide a continuous measurement of hypoxia at specific buoy locations. Together
these monitoring programs are better able to characterize the extent and duration of hypoxia

across LISBoth types of data contribute to a better understanding of hypoxia in LIS.
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What is Hypoxia?

The term "hypoxia" means low dissolved oxygen ("DO") concentrations wwdtex.Marine

organisms need oxygen to live, and low concentrations, depending dur#tien and the sizsf

the area affected, can have serious consequences for a marine ecosystem. As defined by the Long
Island Soundtudy,hypoxia exists when DO drops below a concentration of 3 mg/L, although
research suggests that there may be adediesets to organisms even above this level,

depenling upon the length of exposure (EPA, 2@0@ Simpsonret al.,1995) The Connecticut
Department of Energy & Environmental Protectithre New York State Department of
Environmental Conservation and thedrstate Environmental Commissibavewater quality

criteria for dissolved oxygen. These criteria, designed to protest tha wateiG fom

degradation, define hypoxia as DO concentrations below 3.0 mg/L. Low oxygen levels can occur
naturally in estuaes during the summer, when calm weather conditions prevent the mixing of

the water column that replenishes bottom water oxygen during the restyeftttdowever,

excess nitrogen tends to exasperate hypoxia beyond that which may be caused by natiorad.cond

Nutrients (N) P,m"},,..
Sediments, & ¢
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(worms, snails, bivalves;
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How Does Low Oxygen Impact the Sound?

Each summer low oxygen levels rende
hundreds of square miles of bottom
wate unhealthy for aquatic life.
Dissolved oxygettevels follow seasonal
patterns with a decrease in bottom wat
DO over the cotse of the summer.
Hypoxic conditions during the summer

are mainly confined to the Narrows anc |

Western Basin of Long Island Sound
(map right) Those areas comprise the
section of the Sound west of a line fron
Stratford, CT to Port Jefferson, NY. Th
maximun extent of the hypoxic
condition typically occurs in early
August.

EPA, NY and CT implemented the
Total Maximum Daily Load to
Achieve Water Quality Standards fc
Dissoled Oxygen in Long Island
Sound (2000 TMDLWwhich has
resulted in significant progress in
reducing open water Sound hypoxic
conditions. Across Connecticut and
New York, 106 wastewater treatme!
plants have been upgraded and 40
million fewer pounds of nit\gen
have entered the Sound (51.5%
reduction).

EPA estimates a 40% reduction ir
the five year rolling average area
of hypoxia across the Sound,
compared to pr&MDL levels
(EPA 2015).

THE FREQUENCY OF HYPOXIA IN LONG ISLAND SOUND BOTTOM WATERS
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LONG ISLAND SOUND STUDY

A PARTNERSHIP TO RESTORE AND PROTECT THE SOUND
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The maps in the sidebdisplay the
percentage of yeamhendissolved oxygen
concentrations at each statvere below
3.0 mg/Lin the bottom waters of Long
Island Soundn five year intervals. The
maps show the area of hypoxia reducing ir
the Western Sound (Stations 09, E1, D3), |
continuing to persist in thidarrows
(Stations A4, B3, C1). The maps &@sed
on CT DEEP monitoring data only. Update
to hypoxia maps combining IEC and CT
DEEP data have not been completed for
years prior to 2016.

19941998 | oo

1999-2003

2004-2008

2009-2013

Percent of Hypoxic Years
with DO Concentrations
<3.0 mg/L

o -10%] |50-60
B i0-20 [ ]eo-70
[ 20-30 [ ]70-80
[ 130-40 [ s0-90
[ Jao-50 M 20 - 100



Habitat Impairment Associated With Hypoxia

The foll owi ng descr i-pay DepletiondBEADDR) imdex di abitat mpasrmentAvasesxcerpted
from an articlewritten by CT DEEP Marine Fisheries Biologist Penny Howell for the July/August 2014 edition of
CT Wildlife Magazine.

For Long Island Sound, DO levels below 3 mg/L are considered hypoxic, causing mobile animals to leave and
sessile animals to die or beystically or behaviorally impaired. However, DO can become limiting below 4.8 mg/L

for sensitive fish species, such as whiting and scup, while more tolerant species, such as butterfish, bluefish, lobster
and Atlantic herring, are not affected until DO fatlslow 2 mg/L(Simpsoret al,1995,1996).

An index of habitat -Danyp aDerpnieentti,o nioBi(oBraDsDs) Awaesa devel oped
Fisheries Division based on extensive sampling in the Sound from1B@3§Simpsonret al, 1995,1996) Instead

of individual speciesd responses to | owdlwellng)finBsh, an aggr
species was calculated as a general index of the impact on living resources to low oxygen conditions at or near the
bottom of the Sound. The totatight, or biomass, of these demersal finfish species captured in samples taken at

various levels of low DO was quantified and the percent reduction in biomass from that captured in fully

oxygenated water was computed. These studies showed that thebfmriiass is reduced by 100% (total

avoidance) in waters with DO less than 1.0 mg/L. In waters witti B.@Gng/L DO, biomass is reduced by 82%,

while a 41% reduction occurs at 2209 mg/L DO, and a 4% reduction occurs at-3.0 mg/L DO(Simpsonret al,

1995, 199§.

For each survey the total area of the Sound encompassing eaghriterval of DO is calculated and the depletion
percentage applied. These area depletions are summed over the number of days they persist during the designated
hypoxia season. Ehsummed areday depletion is then expressed as a percentage of the total available area (total

sample area of 2,723 I%brmultiplied times the total season (94 days). A maximum BADD index of 100% would
result from severe hypoxia occurring over the ergitgly area for the entire hypoxia season.

In an average year, hypoxic waters cover ~445(Ii|®9 mileé) for 55 days and result in a BADD impairment index

of 2.5%. In the worst yeg994) hypoxia spread over 1,000 f((‘895 mileé) for the entire seasomesulting in a
BADD index of almost 9%In 2016, the BADD index was 3.05% up from 0.77% in 2015.
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2016 Summer Weather Conditios

The Northeast Regional Climate Center (NRCC) at Cornell University is tasked with dissggninat
climate data and information for 12 states. The NRCC included the graphics at the left in their Eastern
Region Quarterly Climate Impacts and Outlook Summary Septembe([R&EC 2016a)

Departure from Normal Temperature (°F)
June 1-August 31, 2016 The summer of 2016 was warm and dry, with this summer

- N . | being recoded as the second warmest on record for the Eastern
region. Across the region, June was 0.8°F above normal, July
was 2.2 °F above normal, August was 3.6°F above normal, and
September was 4.2°F above normal. The warmth continued into
November where the remi as a whole was 2.0°F above

normal. The average August 2016 air temperatures at climate
sites around Long Island Sound ranged from 78.4°F in

« | Bridgeport, CT (5.1°F above normal) to 81.6 °F at LaGuardia
Airport in Queens, NY (5.3°F above normal) to 77.8PKlip,

NY on Long Island (4.5°F above normal).

e

Precipitation was below normal across the Eastern Region for
the summer of 2016. At the beginning of June, NRRC noted
that only about 1% of the Northeast was in a drought with the
region receiving 89% dts normal precipitation. By September
37% of the Northeast was in a moderate, severe, or extreme
drought. The lack of precipitation continued into November.
Across Long Island Sound, precipitation totals varied widely
from site to site and month to mon# Bridgeport, CT, June
{1¢  was very dry with only 35% of normal precipitation but July

s was wet with 139% of normal rainfall; during August and
September rainfall was also below normal witbb8nd 78%

or normal precipitation recordedit LaGuardia Airporin
Queens, NY, June was also dry with 57% of the normal
precipitation falling, July was wet (111% of normal), but
August was drier than in Bridgeport with only 27% of normal
rainfall amounts recorded. September saw a slight
improvement with 68% of normatgcipitation reaching the
ground at the Airport. On Long Island at Islip, NY June
precipitation amounts were 26% of normal, July was 94% of
normal, August was 23% of normal, and September was 85%
of normal.

Percent of Normal Precipitation (%)
June 1-August 31, 2016
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~ Delineates dominant impacts

S = Short-Term, typically <6 months
(.. agriculture, grassiands)

L = Long-Term, typically >6 months
(e.g. hydrology, ecology)

Boston in October to discuss the drought situation across the
region(NRRC 2016b)

This climate information is useful as physical processes
influence the timing and duration of hypoxia.



CT DEEP Program Overview

Since 1991, the Connecticut Capment of

Energy & Environmental Protection (EEP,
formerly the Department of Environmental
Protection, (CTDEP) has conducted an intensive
yearround water quality monitoring program on
Long Island Sound (LISWaterquality is
monitored at up to fortgight (48) sites by staff
aboard the Dep&esdelinennt 0
DempseyData from the surveys are used to
guantify and identify annual trends adlifferences
in water quality parameters relevant to hypoxia

R/V John Dempsey:

(low dissolved oxygen), especially nutits,
temperature, and chlorophyll. These data are also
used to evaluate the effectiveness of the
management program to reduce nitrogen
concentrations. During the summer (June
September) CT DEEP conducts additional
summer hypoxia surveys atWweekly intevals to
better define the areal extent and duration of
hypoxia.

DEP stations in Long Island Sound

A
Port Jefferson

Smithtown

0 10 20 30

40 Kilometers

This map shows the stations
sampled by the CT DEEP LIS
Water Quality Monitoing Program.




CT DEEP Methods

From October to Mayin situdata and nutrient samples are collected once a month from 17 sites.
Bi-weekly hypoxia surveys start in miiine and end in September withtapl8 stations being
sampled during each survey farsitu parameters.

Dissolved oxygen, temperature, pH, and
salinity data are collectad situ (on site in the
water column) using an electronic instrument
called a Conductivity Temperature Depth
recoder (CTD) that takes measurements fromn
the surface to the bottom of the water column
The CTD, a Se®ird model SBE19 SeaCat
Profiler equipped with auxiliary dissolved
oxygen, photosyntheticaHlgctive radiation
(PAR) and pH sensors, is attached to a Rese
Sampler and lowered through the water ‘
column at a rate of approximately 0.2 meters g §
per second and measurements are recorded g
every 0.5 second# situdata are reviewed in
reaktime.

Water samples are collected using Niskin water
sampling bottles thaare attached to the Rosette
Sampler. The Rosette is lowered off the stern of
theDempseynd the bottles are triggered
remotely to take a water sample at any specified
depth (surface= 2 meters below the surface; and
bottom = 5 meters above the bottomgntples

are filtered aboard the mini laboratory and
preserved for later analyses at thaversity of

C o n n e c €enter iot EEsronmental

Science and Engineerimg Storrs, Connecticut.

Parameters for which surface and bottom waters
are tested includeisbolved silica, particulate silica, particulate carbon, dissolved organic carbon,
dissolved nitrogen, particulate nitrog@mmonia, nitrate + nitrite, particulate phosphorus, total
dissolved phosphorus, orthophosphate, chlorophgihd,total suspendesblids.

Since 2002, CT DEEP has collected zooplankton samples from six stations and phytoplankton
from ten stations across Long Island Sound. The samples are sent to researchers at the University
of Connecticut who identify species composition, abundasmamunity structure, and spatial

and temporal distribution throughout the Sound.

All samples are collected and analyzed under-&pproved Quality Assurance Project Plans.



IEC Program Overview

((5\\1'\‘0""19"16/

The Interstate Environmental Commission (IEC) is-ataie water P

and air pollutiorcontrolagencylocated in Staten Island, NY on the 5'? i S
College of Staten Island campé&stablished in 1936, the IEC b el
serves thetates of Newvork, New Jerseyand ConnecticufThe 8,

| E Cadea of jurisdiction runs west from New Hav@T, and Port N TN

Jefferson, NYon Long Island Sound\s of 2012, IEC has been in T ks
a temporary host relationship withe New England Interstate
WaterPollution Control Commission (NEIWPCC).

IEC has conducted monitoring in the Y&esternLong Island

Soundad t he Upper East River sinc n
program was designed to align s:NEIWPCC)s ;
overall goal of | EC6s seasonal New England Interstate Water ) | O (

Pollution Control Commission

effectively measure key water quality indicators identified by the
Long Island Sound Stud¥.ISS), such as hypoxia and nutrient
pollution, which are important for managing priority areas of
concern.

| EC6s monitoring program is conducted between
concentrations in Long Island Sound typically reach theiekidevels during the summer. This

allows for better characterization of hypoxia and identification of critical areas in the Sound.

Between June and September, IEC collecstu data from 22 stations in thWesternportion of

the Sound on a weekly basis situ parameters include water temperature, dissolved oxygen,

salinity, pH and water claritygecchi disk depth). In addition, IEC collects biweekly samples for
chlorophyll g Biochemical Oxygen Demand (BOD), Total Suspended Solids (B&&)a suite

of nutrient parameters. More information about IEC and its monitoring program can be found

below or on the IEC websiténttp://www.iecnynjct.org.

IEC monitoring data incorporated in this repint hypoxiamaps uses data from 13 of 22 stations.
The nine stations not included are representative of embayments. IEC data represented in this

report that is not dissolved oxygen data was
combined with &£&Xi DIEEPtOSt iseve.n | ECO6Hs si ¥XAl,axi al
A2M, A3, A4, A5, B3 CT DEEPOGs s evethefalawing: A4, B3t R3fFH3,0ns i n
H4, 12,andM 3 . Addi ti onal | EC data can be derived fr

IEC staff preparing water ¢



http://www.iec-nynjct.org/

|IEC Methods

Dissolved oxygen, temperature, salinapd pH data are collected using a YSI EXO 1
Multiparameter Sonde at bottom, mahd surface depths at all 22 stations on a weekly basis

from June through September. For stations with a depth of less thmatéfs, only surface and

bottom measurements are collected. In addition, data collection includes percent cloud cover, sea
state, water clarity as measured by Secchi disk depth as well as weather and precipitation data.

Surface grab samples (within onetareof the surface) are collected on a biweekly basis June

through September fahlorophyll aand Total Suspended SolifESS)at all 22 stations and a

suite of nutrient parameters and Biochemical Oxygen Dert@®) at 11 of the 22 stations.

The map belw highlights where sample collection takes place and for which parameters.

Samples collected fahlorophyll a and’'SS are collected directly into a clean, dry, 1000

polypropylene sample bottle and are stored in the dark. BOD and nutrient sampldeetedco
using a clean, dry, 200@L polypropylee s ampl e bottl e. AlIl sampl es
collection and transport to thEC laboratory The IEC laboratory is a nationally certified

environmental testing labatorywith National Environmental &boratory Accreditation

Program(NELAP) accreditation

The 11 stations for BOD
and nutrient sampling,
which was added to the
program in 2014, were
chosen based on feedback
and input from the Long
Island Sound Study Water
Quality Monitoring
Workgroup. Thespecific
nutrient parameters that
are analyzed include
Ammonia, Nitrate+Nitrite,
Particulate Nitrogen,
Orthophosphate/DIP,
Total Dissolved
Phosphorus, Particulate
Phosphorus, Dissolved
Organic Carbon,
Particulate Carbon,
Dissolved Silicaand
BiogenicSilica.

Chlorophyll a,TSS, BOD

and all nutrient parameters
(with the exception of Dissolved Organic Carbon and Particulate Carbon) are analipeden
at the IECaboratory. Samples for Dissolved Organic Carbon and Particulate Carbon analysis
aresubcontraced t o the University of Marylandds Ceni
Chesapeake Biological Laboratory, Nutrient Analytical #&w Laboratoryn SolomonsMD.
Further information on sampling and analytical methods can be found in thaiiréved
QAPPAmbient Water Quality Monitoring in FaWesterrLong Island Soundsersion 3.0.

This map shows | EC6s 22 monitor
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